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And what about Quarkonia 7
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Heavg Quark Measurements
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PHENIX abilities to measure HQ
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Experimenta cha”enges to measure HQ

|~ full reconstruction of D and B dcca95 IS 5 3000
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Results in ptp collisions at §/2=200 GeV

PRL 97, 252002 (2006)

FONLL: M. Cacciari, P. Nason, R. Vogt PRL95,122001 (2005) In agreement with Previous PHENIX
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Non~l:>hotonic electrons are dominated bg Dand B clecags.
Micl~ral:>iclit3 measurement in agreement with state of the art PQCD calculations.
Measurement at forward rapiclitg agrees for PT>§.5 GeV/c where S/Dis better.
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Rapiclit‘q depenclcnce of HO
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- errors.

t Better measurements will be Possible with Fu“g
reconstructed D and B decags expec’cecl to happen
* with the installation of the Silicon Vertex detector.
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) in PHENIX ACCEPTANCE
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5 [E) procluction in AutAu at s/2=200 GeV

Nuclear Modification Factor
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~ Binarg scaling works for total non~|:>hotonic electrons as expectecl from heavy
quarks l:)roclucecl ]39 hard scattering
~ inlCl suPPressecl for high Pr indicating medium effects in HQ yielcl
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p-r clependence 01[ RAA
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HQ E”lptlc Flow
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Transl:)ort models try to describe suPPression and e”iPtiC flow simultaneouslg
~ Rapp & Van Hees - PRC 71, 054907 (2005)
~ Moore & Teaney - PRC 71, 064904 (2005)

The models extracted from data can be used to calculate viscositg G entropg of the

medium formed
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| iquid per‘cectness At REE

Conjecture quantum limit motivatec bg AdS/
CFT* and derived bg P. Kovtun, D.T. Son, 1= ' iy by
A.O. Starinets (PRL94,111601 - 2005) for the g e
T : : 7 B arXiv:0704.3553
minimum Vlscosfcg suggest
& - Gavin & Abdel-Aziz:
PRL 97:162302, 2006
g h
= 4_ G sgtrga?oggzsm,zow
% % e suPPression+1qow
(PR R L (09 A o 0 R P Ty Bt e PO e T A e M b I T O [ il
0 1 2 3 4 5 6
¢ 47 n/s

Viscositg/ entropg suggestécl 139 HQ measurement and transport models is

n/scalculation using HQ™ (]5~2.0>/4‘7'C
This estimation agrees with other estimations at RHIC.

For comParison
~tor water at normal conditions is 380 h/4 1

~forheliumis>9n/4 n

* AdS/CFT stands for Anti de Sitter space / Conformal Field Theorg - first mentioned in (. Maldacena:
Adv. Theor. Math. Phys. 2, 231, 1998)
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Quarkonia Measurements
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Charmonium Cross Section Calculations

Bincling energy are not large enough to allow a Perturbative calculation.

Methods to calculate the cross section include:
~Non-relativistic QCD (NRQCD) : 0y (§7 QQ) == Z T <O£I(A)>
PLBI&T (1986) 457, PRD4% (1991) 196, e T

PRD51 (1995) 125.
Effective field theorg where the Procluction is a combination of singlet and octet

Cn(A)

states. : :
L2, dO’i ' §,
~Color Evaporation Model (CEM) : Tij (§, QQ) = FH/ ds— Ezg z )
Int. J. Mod. Phys. A10 (1995) 3043 emPirica%mc PQCD

Production is a eml:)irical fraction of QQ heavg quark cross section integratecl

over 2m._ and 2mp, . Color octet turns to single’c bg soft gluon evaporation.

~pQCD w,/ §~g|uon fusion :
Eur. Phys. J. C%9, 163-171 (2005)
Formation done ]39 (gg) stg fusion.

Complete Pertur!aa’cive treatment.
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J/in p+p c:o”|5|ons at 5’/ =200 GeV

Global scale uncertalnty 10 1%
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3 o =
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] ; s 2 0T S T 8
~Total cross section calculated ]39 mtegratlon p, (GeV/c)
. ’ e I Global | : tai 10.1% :
of different fits to y dependence b e e
~Inclusive measurement: includes feed 2 _L- g }
40 -
down SHh Run’ %
2 ‘;".': .\".
~Different models fit to the ptp data g 3 TN
20— ,,/' o Uy _"Q‘. ‘.\' 5.5
returning a total cross section: L e :u(};ul:lgwd-duml
- = .," «1.2h" NH()( DA{CTEQEM) e
—— "” '-D.rublu Caussian
. BR” (o) 2 (P+P~>J/ P+X) =178 £ 3 (stat) £5% (595) +18 (norm) nb . . .

-2 0 2
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e-h correlation = B cross section

decay PHENIX theory

Gbbiws—

| 4.61 + 1.31(stat)*3:35nb " — J /4
‘BR(b— J/p+X) =

1.16 £ 0.10% Xe — J/U
B — J/y

0.08*
0.30*
0.02 £ 0.01*

0.086 & 0.025
< 0.42 (90% CL)
0.036%5 5
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Polarization in ptp collisions
dN/dcos(B) = All+ Acos?0 ]
0= angle between [* and J/W direction in it rest frame

A>0 transverse Polariza’cion

A<O longitudina] Polarization

- 2
3 F 0<p_<6GeV .
Oy s A = 0.005:1%°
e F l2<lyl2.2 - ,
o ~NRQCD Precllcts:
3 =t
g 1'45 ~transverse for octet states with pT>> Mu/wp
1'25_ B I S ~|ongituclinal for singlet states with DihEe Mu/p
11— i T P A T g
= - s ~CEM expec’t no Polarlza‘c:on.
0.8— ¥ : >
3 6:_ ~§~g‘uon Fusnon expect transverse Polarlzatlon
0'45_ ~— ~for low pT and longitudinal for PT>>MJ/L|)
0‘25_ PH<ENIX Preliminary (Run5)
E I | I | Rt B | I = I | | | =] L | I JES) S ) I | I |
1

o

6 04 02 0 02 04 06 0.3 1
cos(0)

IIII[I
08 -0

Needs more statistics, Principa”y for Pr>>My to clisentangle Production mechanisms
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J/ 1 in AA collisions

K.J.Eskola, V.J.Kolhinen, R. Vogt, Nucl.Phys. A696,729

« PHENIX 1.2<|y|<2.2 PHENIX |y|<0.35 E866 (mid-rapidity) NASO
) The bound or pre-resonant charmonium Lar
1.2
state is sensitive to: oy L
(o | -
@ “Cold” nuclear matter (CNM) effects ?; (l)g -
A |
e Parton distribution modifications in 208
0.7
nucleus
0.6
ecc brcakup in hadrons 10°
@) Hot and dense matter egects,
sometimes called “anomalous” effect
o Dissociation due to color screening
e Recombination of open charms in
charmonium, feasible at RHIC due to
the large amount of D mesons |
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" CNM Effects r

1easured in d+Au collisions

PRC 77,024912.(2008) FOGP RS L
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: —— EKS Shadowing + 0, . =3.2 ,, mb -
10x more d+Au data under analgsns NOW ~ NDSG Shadomng + Gy =33 12 ™0
o SN R T Yo B S L N )

Ncoll
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Extrapolation of fitted CNM to A+A

-

arxiv:0801.0220 to be Published in PRL

a) [ -=gde--ol.. taa=2312mb _ fya,= breakup(absorption) cross section

- lyl<0.35 tﬁaﬂm -
] :
= Cu+Cu, syst £12% EKS cuscu =
- = Au+Au. systaml:w% e - EKS oo R
i T | :

- _ = 13 -]
=< 1) H—_ =391]3mb -
- lylel1.2,2.2] s
o Cu+Cu,syst +8% EKS o5 '
wr glodal S g Cu+Cu * =3
a AutAu, SVStgk,:..i" ° — EKS AusAu -

: hey=i = + g
_©) M § -
Fe +14 % $ E E
[ = AuvAu.syst  +14% E ...... ]
- ., —— EKS cuiCu 1
“3 +14°9 1
— o CuCusyst = 214% BB Ty e ]

l 10 = 10° NM

~ goocl agreement btw. Cu+Cu and AutAu Raa
~thereisa Iarge room for CNM effects
~anomalous suPl:)ression is considerable at
least at forward raPiclitg
~butthe CNMis not cnough constrained
yet for a serious calculation of anomalous

suppression Raa/CNM
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PRL 98, 232301 (2

007)

Stronger suPPression at Forwarcl

[ [Ho H |

T
4

(]

AutAu @ 572 =200 GeV

o  |y[<0.35 sy'stgbm| =112 %
1 o [Ye[222] SYSt oo™ 7 %

ral:)iclitiCS:
~Ditferent charmonium absorption %

~ 5hadowing or CGC?7?

~regeneration at micl~ral:>iclit9 ?

R.L.Tews, Phys.Rev.C7% (2006) 014904

1
T
- o) -
@ Systglo 1|—i14/) (b) 1
i A A 1 A .
50 100 150 200 250 300 350 400
Npart
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P clependence 01[ R AA

PRL 98, 252501 (2007)
AutAu @ s/2 =200 GeV

g 2_ I I I i ]
& 1.8[- 0-20% systg =+10% T 20-40% systg =1+10% o ¥ STAR Cu+Cu 0-60%/ STAR pp

lobal lobal - Y 10 'PHENIX Cu+Cu 0-60%/ PHENIX p+p
LE e 1y] < 0.35 JE g C ® PHENIX Cu+Cu 0-60%/ STAR p+p
| ' - CJPHENIX Cu+Cu 0-20%/PHENIX p+p

12l @ lyle1.2.2.2] + ~ MPHENIX Cu+Cu 0-20%/ STAR p+p

Rt i T o Sk e i Two Component Approach, Cu+Cu 0-60%
i ef: - —Two Component Approach, Cu+Cu 0-20%
0.6[ E o D) - \[S\=200GeV d
0.4 @ |¥| =] @ 3 - STAR Preliminary
o2l ® w £

L oL
l l et A ] ] ] ]

= 2r J J T T T 1 T 1 1 . ' ﬁ .
X 18 P [ e TP P P TP TP SRR . SEPE TR | PEPEEE TR =
| i | "

[ 40-60% syst  =+13% ||| + 60-92% syst = +28%
1.6 global O 4 global

L " L
12 LT H
e e ok }‘: """"

0.8 3 é - |§| H |§|

0.6 ¥ O LB Q ] | | | | | | | [
0.4F e 0. 9532324 5650 0 BG40
0.2 NP T S T Transverse momentum p_ (GeV/c)
T e R i B A T

P, (GeVlc)

Behavior at high pr can Provicle interesting information but currentlg it is inconclusive
(need more statistics).
Results from Run7 with higher Iuminositg and released new ptp reference will gjve a more

Precise RAAXcentralitg Xpr Picturc.
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Comparison with SPS

Same suPPression as found in SPS

Caveat:

~ditferent CNM 7
~5tronger QGP suppression at RHIC 7

~recombination at RHIC 7

~melti ng of different feed down

sources of J/Ws ?

J/ W Production Probability

—

H.Satz.J. Phys. G: Nucl. Part. Phys. 32 (2006) R25-R69

(2S) (1P) (1S)
(285 1P 8(15“)
Energy Density

NA50 @v/Syy = 17GeV
NA6O @/ Syy = 17GeV

NA38 @+v/Syy = 20GeV

Nuclear modification factor

O PHENIX, Au+Au, |y|<0.35, + 12% syst
«» NA50, Pb+Pb, 0<y<1, + 11% syst.

[0 NA38, S+U, 0<y<1, + 11% syst.

- e

0.4— &
0.2
sy | | | | | |
% 50 100 150 200 250 300 350 400
Npart

Needs Rxa (X)), Raa(W’) measurements.
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Detecting cC recombination coalescence

~Cronin effect broa&en the Pr of

primary J/Ps

~J/Ps from recombined charm quarks

are not aﬁcected bﬂ Cronin egect ancl

' <PTZ> should be flat

~ there is a trend for Pr broaclening at

Forwarcl raPlclxtg, but not conclusxve
50 /11/2008

Cesar Luiz da Sllva - DIFFRACTION 2008

<p 2> ( [ <
P, obtained cllrectlg from P, spectra 5GeV/c
E 6:III| T T IIIIIl| T T IIIII1| T T ||::III| ]||||| ||||| ]
e | i
O 5¢ 2z _
w0 + T H H ]
e % I %} -
-4 i :
< ;. ]
Rl + 1720 f QE il
L 3r e ]
> &
0 -
Oroi _ g
< °F Ivi<o3s lyl e [1.2,2.2]
T Cu+Cu ® Cu+Cu
a [ O P o O p+p i
\V L 1 d+Au [l d+Au
i B Au+Au T B Au+Au
o-ml gt 8 S 4 | I B P | e ST i Pl
1 10 107 1 10 10°
Npart Npart

~Prlmar9 N Ws have lsotroplc momentum
~open charms flow
~J/Ps from these charm quarks should show

similar anisotrol:)9

>N 03 _I Inalgl I | IC(l)allelsée:léel | | Jo e | I | A l | L | Iy I | I | LR | A I_
- f": {:gﬁg%’r‘t“ n‘l'(’)'azsf’%’ggs g ] Initially produced J/y (PRL97:232301) —
0.2} in fireball (PRLO7:232301) Comovers (Lynnik priv. comm.)  —]
B + initial mix (Zhao, Rapp priv. comm.) =
TRAES 3
0 : S '.'LH,"':.T“‘::”“ 2& 2 1 T, S e PO O D C T -
01— . =
B e J/y Au+Au 200 GeV [20-60%1
02 PHENIX preliminary I
E () lyl<0.35 42% Run-7 =

~ Global Relative Syst. + 3%k lyle[1.2,2.2] online filtered -

-0.3 | S el Y | { ] i | | e S (et | | B L | l | O e e | I | B C L | I |l N S | I | N O T ] I | el L I | N T | l—
0 0.5 1 1.5 2 2.5 3.5 4.5 S

P (GeV/c)

~Partla| data is inconclusive regardmg the
coalescence
~still ﬁnishing Runy/ analgsis and waiting for much

higher luminosit9 at RHICII
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Conclusions and Outlook

~ non—-l:)hotonic electron measurement Provicled valuable information about
heavg quark Procluction and interaction with media
~remaining questions relg on Fu”g reconstructed D and B mesons which will be
feasible once the silicon vertex detector starts to operate
~quar‘<onia Production mechanism still needs more theoretical and experimental
constrains to be understood
~ suPPression has been observed but we are still learning its components:
CNM, recombination, feed down
~ Ra measurement is not sutficient to separate the suPPression comPonents
~ other measurements which are on the way:

~ extended momentum distributions

~ elliptic flow

~ PoErization
~ suPPression measurements of charmonium excited states can spot a light in

Procluction and nuclear modification mechanisms
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PHENIX-STAR HQ production in p+p
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